Introduction

P
hyllodes tumors (PTs) are rare, biphasic, fibro-epithelial lesions constituting 0.3-0.9% of all mammary tumors and 2-3% of fibro-epithelial neoplasm of the breast. [1, 2] The tumor consists of both epithelial and stromal components, the former differentiates it from other stromal sarcomas and the latter, which forms an essential microscopic feature of this neoplasm, has the potential for metastasis. In 1838, Johannes Muller used the term "cystosarcoma phyllodes" to describe this tumor, which was originally considered to be a benign tumor. The name was a misnomer as the cystic component is rare and "sarcoma" defines the malignant potential. There have been 60 different nomenclatures that define this tumor. [3] In 1981, World Health Organization (WHO) appropriately termed the tumor as "phyllodes tumor." [4] The term "PT" represents a broad range of fibro-epithelial diseases spanning from benign, relatively indolent tumors to malignant neoplasm capable of rapid disease progression and distant spread. Preoperative accurate pathological diagnosis guides correct surgical planning, which is the cornerstone of management and reduces the extent of repeat surgery to achieve negative margins. [5, 6] This review enables readers to get in-depth knowledge about the presentation, diagnosis, important risk factors for locoregional recurrence, and challenging management aspects based on current evidence.
Clinical Presentation and Natural History
The age incidence pattern shows that the risk of cystosarcoma phyllodes peaks in the 4th to 5th decade although it occurs in women of all age groups from the 2nd to 8th decade. [2] The age patterns vary by race and ethnicity, with Asian and Latin American patients significantly younger than non-Latin white patients. Few cases have been reported in men, and these have consistently been associated with the presence of gynecomastia. [7] The tumor can be multifocal (2-5 lumps) in up to 12% of cases and bilateral in up to 3.5% of cases. [8, 9] The typical presentation of a PT is a painless palpable slow-growing mass followed by sudden rapid acceleration in about 20-30% of patients. The average diameter at presentation is around 4-5 cm, though some tumors may reach a very large size (giant phyllodes >10 cm) and can completely replace the breast tissue. They are almost always freely mobile from the chest wall. Skin breakdown may occur not from infiltration but rather from pressure necrosis. Lymphatic spread is rare in PT. Though clinical axillary lymph node involvement may be seen in 10-15% of patients, pathological involvement is seen in less than 1% of cases. [10] [11] [12] [13] The clinical lymphadenopathy is due to reactive hyperplasia as a result of necrosis or secondary infection. [12] PTs recur locally irrespective of histological grade with higher incidence in borderline
Treatment
Surgery
The spectrum of biologic behavior of PT varies at one end from a least aggressive form similar to fibroadenoma, wherein tumors reoccur only locally following excision, to more aggressive tumors that metastasize distantly, similar to sarcomas, at the other end. Surgery remains the mainstay of management. Recommended surgical options vary from wide local excision (WLE) to mastectomy. The aim of surgery should be complete removal of the tumor with adequate margins. Radical surgery in the form of mastectomy was the treatment option of choice until the late 1970s. Nowadays, a more conservative surgical approach is preferred based on the notion that local recurrences (LR) do not appear to be related to the systemic spread of the disease. [23, 24] However, studies have reported results contrary to this view too. [15, 25] The recent trend towards breast conservation has had a variable impact on the risk of local recurrence (reported as 20-30% for malignant tumors) without an apparent adverse effect on overall survival (OS). [2, 7, 26] Due to the relative rarity of the tumor and heterogeneity of surgical procedures applied by various centers, no definite conclusion regarding the appropriate surgical procedure can be drawn from the available literature. Hence, optimal extent of surgical excision is still a matter of debate particularly for borderline and malignant subtypes. Since PTs are not commonly multifocal, a majority of physicians currently suggest WLE to be an appropriate and adequate primary surgical procedure irrespective of the histopathological subtype of PT. A lumpectomy with clear margins (more than 1 cm based on retrospective data) is recommended for small lesions (up to a size of 3 cm). Segmental resection with clear margins is recommended for larger lesions (over 3 cm in size). Mastectomy seems to be reserved for cases even more extensive wherein WLE will either preclude a cosmetically acceptable outcome or result in repeated positive margins. Some authors also recommend simple mastectomy without axillary dissection for malignant or histologically aggressive lesions. [27] Regional (axillary) lymph node (LN) dissection does not add significant benefit since PTs rarely metastasize to axillary lymph nodes. [28] Some recent studies recommend that axillary dissection should be performed only in patients with clinically suspicious nodal involvement. [13, 29] The analysis of data from the Surveillance, Epidemiology and End Results (SEER) Program for the years [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] and malignant subtypes. [14, 15] Moreover, malignant forms can behave more aggressively as they have a propensity for distant metastases and thereby affect survival. [16] 
Diagnosis
Triple assessment (clinical, radiological, and cytological or histological) forms the fundamental evaluation for PT as with other breast lumps. There are no definite clinical criteria to differentiate between cystosarcoma and fibroadenoma. [17] Sonographically, the presence of inhomogeneous, solidappearing mass with the presence of cleft-like cystic areas within the lobulated lesion more likely favors the diagnosis of PT. [18] On magnetic resonance imaging (MRI), these tumors present as oval, round, or lobulated circumscribed masses with high signal intensity on T-2 weighted images. [19] There are also no reliable radiological criteria to distinguish between benign and malignant subtypes of PT. [20] Biopsy is essential to establish the diagnosis. Excision biopsy is preferred over core needle biopsy as the latter does not grasp the stromal element that is essential in subclassifying the lesion and guiding further surgical management.
Histological Classification
Histologically, PT consists of epithelial cells and varying morphology of connective tissue. Stromal component may be bland resembling a fibroadenoma or accompanied by cellular atypia resembling soft tissue sarcoma. Regressive changes such as necrotic or cystic degeneration and intratumoral bleeding may appear in large tumors.
The incidence of malignant PT widely varies from 10 to 54% (average estimate 25%). [21] One possible explanation for such a disparity may be the low incidence of PT, resulting in small patient groups observed in individual studies. Moreover, different workers have used different histological criteria for subclassifying these tumors. In the earlier times, most authors recognized PT as the benign and malignant variants only. However, in 1981, the WHO introduced the category of borderline PT to highlight a gray zone in grading PT of the breast. The primary reason for defining the borderline malignant category, then, was to prevent the overdiagnosis of malignancy. Thus, the term "PT" was adopted by the WHO and was histologically subclassified as benign, borderline, or malignant types based on a semiquantitative evaluation of various histological criteria of the stromal component [ Table 1 ]. [22] series with mastectomy being performed in some of the cases to achieve negative margin. [24, 25, 27] Notably, a study by Barth et al. in a large review found that the recurrence rate for borderline and malignant PTs remained high even after WLE to the tune of 29 and 35%, respectively. [15] Similar results were also observed by Hassan et al. with LR rate after WLE being 0, 36.4, and 40% for benign, borderline, and malignant PTs, respectively. [34] This is also supported by other studies that favor histological grade as a predictor of local failure. [27, 36, 39, 41, 42] This high rate of local recurrence of borderline and malignant PTs as reported by various authors suggests that wide local excision is probably less than optimal therapy and indicates that additional measures to improve local tumor control should be explored.
Tumor size has been found to have a significant impact on LR. Different series have reported variable cutoff for tumor size ranging from 2 to >10 cm [ Table 2b ]. This is probably related to the differences in the patient demographics among the various studies reported. Overall, it seems to be largely related to the median tumor size. The median tumor size ranges from 5.2 to 10.8 cm in various studies, and these report 10 cm as the significant cutoff for LR. [8, 25, 31, 39, 43] Studies reporting tumor size <5 cm as the significant cutoff have median tumor size in the range of 3.0-6.1 cm. [24, 27, 31, 37] The hazard ratio (HR) has not been reported in most of the studies except in the study by Asoglu et al., where authors have demonstrated tumor size to be an independent predictor of LR in multivariate analysis. [24] Tumor diameter >5 cm was associated with a 4-fold increase in LR (p = 0.0177). A retrospective analysis from a large SEER database by Pezner et al. reported that for malignant PT of the breast, LR rates are 15% or greater for patients with tumors >2 cm treated by lumpectomy alone and tumors >10 cm treated by mastectomy alone. [31] Authors recommended that adjuvant radiation therapy should be evaluated for these patients as their study showed that local recurrence impacted survival rates.
Among the other factors reported to be prognostic for local and/or distant failure constitute numerous histological factors like stromal cellularity, especially pseudoangiomatous stromal hyperplasia (PASH), stromal overgrowth, stromal atypia, mitotic activity, tumor margin, necrosis, and heterologous stromal elements. [9, 24, 32, 36, 38] The investigators from the Singapore Phyllodes Tumor Network developed a predictive nomogram based on three histological criteria (atypia, mitoses, overgrowth) and surgical margin status that can be used for calculating recurrence-free survival of an individual woman diagnosed with PT. [38] Multivariate analysis revealed stromal atypia, overgrowth, and surgical margins to be independently predictive of clinical behavior, with mitoses achieving near significance. Stromal hypercellularity and tumor borders were not independently useful. A nomogram developed based on atypia, mitoses, overgrowth, and surgical margins (AMOS criteria) could predict recurrence-free survival at 1, 3, 5, and 10 years. This nomogram was superior to a total histological score derived from adding values assigned to each of five histological parameters. Given the subjectivity in the histological grading demonstrated a similar efficacy of wide excision and mastectomy in 821 malignant PTs in terms of cause-specific survival. [30] Wide excision was performed in 48% and mastectomy in 52% of the patients. Adjuvant radiotherapy (RT) was given in only 9% of the entire cohort. Excluding 25% of patients where tumor size was not known, a majority of the tumors (44%) were less than 5 cm. Moreover, mastectomy patients were older (age >60 years 32% vs. 24%, p = 0.004) and had larger tumors (tumor size >5 cm 56% vs. 32%, p = 0.009) compared with wide excision. The major limitation of the SEER data was the lack of information on important histopathological risk factors, including exact histological subtype (borderline or malignant), stromal overgrowth, tumor necrosis, and surgical margins. Eligible women were identified by the behavior code representing malignant disease. The clinical reasoning for mastectomy versus wide excision was also not available. Moreover, SEER does not contain data on local or distant failures, information that would be necessary to determine event-free survival or for conclusions regarding patterns of failure. Of the total 157 deaths, 72 deaths (46%) were attributed to recurrent or progressive disease in the breast at a very short median follow-up of 1.8 years, which is very alarming and points toward the probable role of adjuvant therapy. Another important finding reported was improved cause-specific survival in patients younger than 60 years, which is also supported by other series. [27, 31] Predictive factors of local failure: is surgery enough? PTs recur regardless of histology, although the risk of local recurrence is lower in benign forms (5-15%) and significantly higher in borderline (4.7-30%) and malignant cases (30-65%). [14, 15] Approximately about 22% (range 10-30%) of borderline or malignant tumors give rise to distant metastases. The most frequent site of distant metastasis is lung followed by soft tissue, bone, and pleura. [16] The 5-year disease-free survival rates for benign, borderline, and malignant tumors are 96, 74, and 66%, respectively. [2] A number of grading criteria and surgical approaches have been employed in the treatment of PT. This is reflected in a wider range of distribution of incidence of malignant histology as well as local recurrence rates. Moreover, most of the series have reported clinical outcome according to various prognostic factors irrespective of histological subtype. Additionally, limited numbers of malignant and borderline cases in the reported studies have not enabled any consistent conclusion about the predictors of outcome or role of adjuvant therapies.
There is ample evidence to suggest that close or positive margin status is the most important predictor of local failure independent of all other risk factors [Tables 2a  and 2b] . [8, 9, 24, 25, [32] [33] [34] [35] [36] [37] [38] [39] [40] The incidence of local failure is higher when margin is positive rather than close. It is important to note that the definition of negative margins (i.e., 1 cm) has been arbitrarily derived from the retrospective studies. Negative margin was achieved in 29.6-100% of patients at the time of initial surgery in various studies [ Table 2a ]. The median margin width has not been reported in the literature. Though the incidence of positive/close margin varied from 5.9 to 66.7%, revision surgery was performed only in few [43] 49 (30) 50 ( Age at presentation has also been described as a predictive factor for LR, but the results are contradictory. In a review by Spitaleri et al., it has been shown that young age (<35 years) is a poor prognostic factor for all phyllodes-related events [25] 21 (44) 6 (28.6) [32] 19 (11) 11 (57.9) in both univariate and multivariate analyses. [40] Similarly, Pandey et al. reported that women over the age of 35 years showed a decreased HR (HR = 0.7). [44] However, a majority of the studies indicate advance age (>50 years) as the indicator of LR as well as survival. [30, 31, 45, 46] This could be explained by the fact that the incidence of malignant histology increases with age. [25, 47] Whether LR is a predictor for the development of systemic metastasis remains a controversial issue. Some authors have shown that up to 60% of patients with systemic metastasis develop prior LR, [25, [48] [49] [50] while some others refute this association. [10, 11, 23] LR or factors affecting LR may adversely affect survival for PT as well, similar to breast cancer. In a large study, Pezner et al. demonstrated that survival is negatively affected by LR with a HR of 2.5 (p <0.05).
[31] Similarly, Asoglu et al. found that close surgical margins, which are a predictor of LR, also adversely affected survival. [24] These studies highlight the significance of local control and the need of adjuvant treatment for decreasing the incidence of LR, which may translate into improvement in survival.
Of the different risk factors described in the literature, most relevant factors are mentioned in Table 3 . Tumor size, age, and tumor necrosis in addition to AMOS (i.e., NAMMOSS) can be useful for evaluating the risk of local recurrence. It would be advisable to include these factors in the nomogram as well as validate the results in large datasets.
Efficacy of adjuvant radiotherapy
Though PT has excellent 5-and 10-year overall survival rates with a range of 89 to 97%, higher relapse rate even after adequate resection in malignant and borderline subtypes is a major problem, thereby defining the necessity of adjuvant treatment. [30, 46] As discussed previously, the role of adjuvant therapies (radiotherapy and chemotherapy) have not been clearly defined in the treatment of PT. Hence, adjuvant therapies are not routinely offered in clinical practice, which is also reflected in very few percentage (<10%) of patients receiving adjuvant RT in a majority of the reported series. [24, 30, 31, 51] The role of radiation therapy for PT specifically in borderline and malignant histology remains unclear, since clinical data supporting the use of adjuvant radiation is based on anecdotal case reports or on small patient series. Radiotherapy is usually offered to patients with local recurrence, positive margins, or symptomatic metastases (i.e., bone). However, retrospective studies suggest that adjuvant RT may be underutilized in the treatment of PT of the breast, particularly in patients with adverse features. Reported studies have shown better local tumor control without affecting survival.
McGowan et al. published a combined analysis of breast sarcomas (n = 78) inclusive of cystosarcoma phyllodes (n = 32). Radiotherapy was used in 10/32 (31%) patients having malignant PT with equal numbers following lumpectomy or mastectomy. Margins were positive in four patients. The 5-and 10-year local relapse free rates were each 74% for the entire cohort but did not provide a separate analysis of local control for malignant PT patients. Seventeen of the eighteen local failures were diagnosed within 4 years of initial presentation. [52] Due to small numbers, the subgroup analysis testing benefit of radiation in lumpectomy and mastectomy group did not result in any statistically significant difference in clinical outcome. Nonetheless, analyzing the outcome as per radiation dose (≤48 Gray (Gy), >48 Gy, or none) resulted in better 5-year causespecific survival in the higher radiation group (91 vs. 50%).
Similarly, the SAPHYR study (SArcoma and PHYllode Retrospective), a French retrospective pooled analysis of primary breast sarcomas (n = 44) and PT (n = 26), defined three significantly (p = 0.0003) different prognostic groups in terms of disease-free survival (DFS) depending upon the histology, with malignant PT having intermediate survival as compared to benign PT and angiosarcoma. Moreover, malignant PT behaved similar to other breast sarcomas, excluding angiosarcomas (3-year DFS 45.7%, p = 0.51). Adjuvant RT was given to 23 patients of the entire cohort (24% post wide excision and 39% post mastectomy). Though there was a trend toward improved survival for the group with tumor size 5 cm or less (survival rate 57.7 versus 46.7%), the difference was not statistically significant. [45] Chaney et al. reported eight cases of patients who received adjuvant RT at a dose of 60 Gy. [51] Radiotherapy was administered for a combination of reasons, including bulky tumor volume, positive margins, recurrence, and/or malignant histology. None of the patients treated for malignant tumors developed recurrence. In the series of Pandey et al. from South India, 25 of 37 patients with a malignant PT who received postoperative RT had better 5-year DFS (61 vs. 25%) at a median follow-up of 43 months, but the difference was not statistically significant (p = 0.16). [44] However, patients with tumor size more than 5 cm (HR) = 2.9) were found to have increased hazard when analyzed for DFS.
Given the proven role of radiation therapy for adjuvant treatment of soft tissue sarcomas, analogy suggests that radiotherapy should be considered following wide excision of high-risk (i.e., malignant) phyllodes tumors. Hence, August and Kearney recommended adjuvant RT for highrisk PT: tumor size >5 cm, stromal overgrowth >10 mitosis/ HPF, or infiltrative margins. [53] Similarly, in a study including patients with large tumors (mean tumor size = 10 cm), all patients with LR also developed distant metastases. Thus, the investigators recommended adjuvant RT for all malignant PT irrespective of the type of surgery. [54] Similarly, the use of RT for tumors with high risk of local recurrence has been proposed by Bouhfa et al. [55] In a retrospective analysis by Spitaleri et al., of nine patients who received adjuvant RT, none of them relapsed. [40] In two recent studies, adjuvant RT was associated with better local control. Belkacemi et al. conducted a retrospective study as a part of Rare Cancer Network that included a total of 443 patients with PT. [46] In this study, tumors were benign in 284 cases (64%), borderline in 80 cases (18%), and malignant in 79 cases (18%). Surgical treatment consisted of breast-conserving surgery and total mastectomy in 85 and 15%, respectively. Only 9% of patients received adjuvant RT. Median RT dose was 50 Gy (range: 37-60 Gy). In the malignant and borderline groups (n = 60), the only favorable independent prognostic factor for local control was the use of RT (RR = 3.30; p = 0.001) on multivariate analysis. The 10-year local control was 59 vs. 86% in this group (p = 0.02). In another nonrandomized prospective study, 46 patients with borderline or malignant PTs who underwent breast-conserving surgery (median size of negative margins 0.35 cm and median tumor size 3.7 cm) were treated with adjuvant RT. In this study, after a median follow-up of 56 months, none of the 46 patients developed local recurrence. [56] The systematic review and metaanalysis on the effect of adjuvant RT on borderline and malignant PTs concluded that the use of adjuvant RT decreases the incidence of local recurrence (HR = 0.43), especially in those who received radiotherapy following breast conservation surgery. However, this did not translate into improved OS or DFS. [57] A prospective study by Barth et al. is actively recruiting patients of borderline and malignant PTs for partial breast irradiation after margin-negative surgery by either external beam radiotherapy or mammosite with LR as primary endpoint. The study would explore the role of partial breast irradiation in PT of the breast. [58] The role of chemotherapy in PT of the breast is also debatable. There are isolated case reports of the role of chemotherapy in PT. A small randomized study of four cycles of chemotherapy (doxorubicin plus dacarbazine) versus observation showed no survival advantage for patients of malignant PT. [59] Apart from this, the literature on adjuvant chemotherapy is sparse. Small case series show some advantage of ifosfamidecontaining regimen in recurrent setting.
Conclusions
Surgery remains the mainstay of treatment for PT. Optimal surgery with negative margin is the key to reduce incidence of local recurrence. Though radiotherapy seems to be a viable option for reducing LR, its role should be tested [40] 1999-2010 172 Benign (39.6) BT ( prospectively in a randomized setting. Patients with borderline and malignant PTs with adverse histological features (margins <1 cm irrespective of other risk factors and in the case of wide margins tumors with additional risk factors like tumor size more than 2 cm, stromal overgrowth, mitosis ≥5/HPF, stromal atypia, tumor necrosis, and elderly age) should be encouraged to participate in clinical trials. Out-of-trial patients should be explained about the limited evidence for the benefits of adjuvant RT due to overall rarity of the disease as well as sparse use of adjuvant radiation in the reported series. However, the potential of adjuvant radiation in reducing local recurrence (and possibly distant failure) without affecting survival and preventing morbidity of additional surgery in one fourth of patients should be equally emphasized. Chemotherapy is indicated when there is recurrent/metastatic disease, and largely management lines are similar as per the soft tissue sarcoma therapies.
One should be cautious in dealing with this unique, simple but complex entity; beware, there can be wolf underneath the sheep's skin!
